In this paper, principle of Automated Manual Transmission (AMT) is introduced, and the model of AMT based on Matlab/SimDriveline, an object-oriented modeling toolbox, is built, then the strategy for AMT shift control is developed, and the control algorithm is verified based on the model developed, the simulation results show the control algorithm developed is feasible for AMT, test result comparison between simulation and real car test is made, it proves the technical route for modeling could reduce the duration for modeling and help to cut down the cost for development..
INTRODUCTION
There is a vast potential demand market for AMT because it integrates both advantages of AT(Automatic Transmission) and MT(Manual Transmission), V mode is a popular developing method for the research and development of AMT, it can be divided by offline simulation, hardware in the loop test and real car test, etc. The offline simulation, which is used in both offline simulation and HiL test, is very important, based on which not only the control algorithm can be verified, but also the system affecting factors can be analyzed. Besides, the simulation model is also crucial to the HIL test (see Figure 1) . So, it is a concerned issue on how to build the offline simulation model of AMT effectively. Recently, the object-oriented software develops very fast, such as Simulation X from ITI Corporation, Maple/MapleSim and Matlab/SimDriveline etc. These modeling tools provide the integrated module of each vehicle driveline parts, which significantly simplifies the modeling process of the simulation model and reduces the time for development of application software for AMT. In this paper, the motor actuated AMT model is built based on the Matlab/SimDriveline, based on which the control algorithm is developed, then the algorithm is validated on the simulation and real car test. 
MOTOR ACTUATED AMT SYSTEM INTRODUCTION
According to the principle of AMT (see Figure 2 ), the driver command is transmitted to ECU (Electric Control Unit) by gas pedal and shift lever, ECU collects the vehicle state signals to get the vehicle running state. Based on these state signals, ECU will send its command to realize the coordinated control of engine control, the engage and disengage of clutch and shifting action of transmission according to the optimal control algorithm embedded in the ECU. So that to achieve the optimal power and economic performance and carry out driver's intent. According to different actuator, AMT is divided into three types: pneumatic actuated AMT, hydraulic actuated AMT and motor actuated AMT, and motor actuated AMT has advantages in terms of control convenience, low cost, and rapid speed of response, so motor actuated type is adopted in this paper.
OFFLINE SIMULATION MODEL INTRODUCTION
The simulation model of AMT system is shown below (see Figure 3) , it is mainly consist of engine, clutch, transmission, clutch actuator, select and shift actuators and vehicle longitudinal dynamic model. The advantage of dynamic model based on Matlab/SimDriveline compared with mathematic model is quite apparent, the former provides accurate and fast solution for powertrain modeling of vehicle, reducing the cost and shortening the duration of development. 
Control Strategy Introduction
Shift process control
The normal shift process of AMT is divided into 5 stages(see Figure 4 ): clutch disengage, gear shift off, select, gear shift on, clutch engage and engine torque recovery. During the phase between the clutch disengage and clutch engage, as the clutch stays in the disengaged stage, the traction force interruption phenomenon occurs during gear shift process, and the vehicle acceleration would decrease to negative , which affects both the dynamic performance and comfort of the vehicle. As the main portion of the total duration of torque interruption is constituted by the shift process, so it is essential to get full use of the potential of actuators with appropriate method to achieve rapid and precise actions, the power interruption can be minimized and the driving comfort can be improved.
Engine torque control
According to the different shifting processes, engine torque is divided into upshift and downshift conditions, and the required torque is obviously different.
The difference of input speed of transmission between the initial gear and new gear is calculated as follows.
(1) Figure 4 . The control algorithm for shift process of AMT.
1) Engine torque control during upshift
In upshift process, ( 1) g n gn
again, the drive plate rotate speed is bigger than driven plate speed, to decrease or eliminate the speed difference between drive and driven plates, the engine torque should be decreased to idle torque.
2) Downshift engine torque control During downshift process, ( 1) g n gn
clutch engage again, the speed of drive plate of clutch is lower than the driven plate, so the aim of engine torque control is trying to increase the engine speed and eliminate the difference, so that the shifting comfort would be ensured.
Simulation Results
To verify the shifting control algorithm, a A-class, 3 cylinders of 0.8 L car equipped with AMT is adopted as the target vehicle for the simulation, the simulation parameters are shown in Table. 1.
Continuous upshifts from 1st gear to 5th gear as well as continuous downshift process from 5th to 1st gear are performed, According to the simulation result (see Figure 5 ), and the engine speed during shifting process is accurately controlled, and the combined control strategy for engine, clutch and transmission is verified on the offline simulation model, the whole shift process is performed smoothly. The real car test result (see Figure 6 ) is quite similar to the simulation result, besides, the shift duration of simulation result is quite close to the real car test, and the average duration of former is 1.5s, while the latter is 1.65s. It proves the technical route of this paper for AMT simulation is quite effective and efficient. 
CONCLUSION
Systematic principle and shift control method of AMT is introduced in detail. A dynamic vehicle model equipped with automated mechanical transmission mainly including engine, clutch, transmission and vehicle model, is built and developed based on Matlab/SimDriveline toolbox, simulation is performed, and the comparison with real car test result is made, the simulation results show the dynamic model based on SimDriveline could reduce the time needed for modeling by 70%, the duration and cost during developing process can be reduced dramatically.
